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The cellulose-binding properties of the highly conserved terminal region which is common to several fungai ceUulases 
were studied. Domains were prepared by proteolytic cleavage ofTrichoderma reesei CBH 1 and the corresponding enzyme 
from Sporotrichum pulverulentum, and a peptide corresponding to residues 462-497 (the C-terminal part) of Trichoderma 
CBH 1 was synthesized. The three peptides showed similar binding behavior, whereas reduced and S-carboxymethylated 
T. reesei fragment was inactive. This region thus appears to serve as an independent functional domain in which the 
C-terminal part is responsible for the binding, which in turn requires an intact hree-dimensional structure. 
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1. INTRODUCTION 
Studies on four different cellulases from the 
fungus Trichoderma reesei [1-6] have revealed a 
common structural organization (fig. 1), consisting 
of a central catalytically active 'core',  a highly con- 
served terminal region, 'A ' ,  stabilized by internal 
disulfide bridges, and an interconnecting, highly 
glycosylated region, 'B' ,  rich in serine, threonine 
and proline. Two of the proteins have their A- 
region at the N-terminus, whereas two have it at 
the C-terminal end. The absolute polarity of the A- 
region sequence is always the same. Physicochemi- 
cal studies on enzymes with and without a B-A- 
region [7,8] show that it constitutes a protruding 
part of  the intact enzyme and can be regarded as 
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a separate domain. The role of the whole B-A- 
region is to enhance the activity towards the solid 
substrate [9-11]. The importance of this structural 
organization is demonstrated by the fact that it 
also occurs in two cellulases from the unrelated 
bacterium Cellulomonas f imi  [12]. Data obtained 
on glycoamylases [13] suggest hat this organiza- 
tion may be general for enzymes that degrade in- 
soluble polysaccharides. 
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Fig.1. Structural organization of Tr CBH-I. 
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Here, we present data on the functional 
(cellulose-binding) properties of (i) the B-A-region 
from the main cellulase CBH 1 from T. reesei, (ii) 
the B-A-region from the corresponding and 
strongly homologous [14,15] enzyme from 
Sporotrichum pulverulentum and (iii) a synthetic 
'minimum' A-region of Tr CBH1. 
2. MATERIALS AND METHODS 
Cellulose powder (Avicel PH-101, Fluka) was washed with 
water to decrease background fluorescence. Carboxypeptidases 
A, Y and papain were from Sigma. Protected amino acids were 
from Peninsula except Boc-His(Dnp) which was a Bachem pro- 
duct. TFA, DCM and DMF were from Rathburn. Other 
chemicals for peptide synthesis, including the starting resin, 
were from Applied Biosystems. Chelating Sepharose ® was a 
gift from Pharmacia. Other chemicals were of analytical grade. 
Fluorescence spectra were recorded with an Aminco SPF-500 
spectrophotofluorimeter. 
Amino acid compositions were determined using an LKB 
Alpha Plus analyzer after hydrolysis for 24 h at 110°C in 6 M 
HCI containing 2 mg/ml phenol. 
Automated Edman degradation [16] was carried out in an 
Applied Biosystems 470A gas-liquid phase sequencer quipped 
with an Applied Biosystems 120A PTH analyzer. 
C-terminal analysis was performed on 0.1/LM reduced and 
carboxymethylated [17] protein in 0.1 M pyridine acetate buf- 
fer, pH 5.6, containing 1070 SDS at 22°C using both carbox- 
ypeptidases A and Y (2 nM each). Released amino acids were 
analysed on a Biotronik LC5001 amino acid analyzer. 
Total sugar content was estimated using the an- 
throne/sulfuric a id method with mannose as standard [18]. 
Plasma desorption mass spectrometry was carried out in a 
Bioion 20 instrument (Bioion Nordic, Uppssala) [19]. 
2.1. Preparation of natural peptides 
The B-A-region of Tr CBH 1 and that of Sp Exo were 
prepared according to [11] and purified by gel filtration on 
Biogel P-150, respectively. 
2.2. Peptide synthesis 
A peptide corresponding to region 462-497 of Tr CBH 1 was 
assembled by the solid-phase procedure [20] using an Applied 
Biosystems 430 A synthesizer. The amount of the starting Boc- 
Leu-OCH2-PAM-resin (0.77 mmol/g) was 0.5 mmol. ot-Boc 
protected amino acids were coupled as symmetrical nhydrides 
in 2-fold molar excess, except for Asn and Gln, which were used 
as l-hydroxybenzotriazole esters (4 equiv.). Double couplings 
followed by capping with acetic anhydride were used 
throughout the synthesis. Side-chain-protecting groups were: 
Bzl for Set and Thr, Br-Z for Tyr, Me-Bzl for Cys and Dnp for 
His. A part of the peptide resin (0.5 g) was treated overnight 
with 0.5 M thiophenol/DMF in order to remove most of the 
Table 1 
Amino acid composition of the isolated B-A peptides from 
Trichoderma CBH 1 and Sporotrichum EXO and the 
compositions of the corresponding regions based on the known 
sequences [1,2,15] 
Amino Trichoderma Sporotrichum 
acid (440-497) (471-516) 
Found a Expected Found b Expected 
Cys _ a 4 3.5 4 
Asx 2.1 2 1.1 1 
Thr 10.5 11 6.7 8 
Ser 6.1 6 5.1 4 
Glx 4.1 4 3.2 4 
Pro 7.2 7 8.2 6 
Gly 9.8 10 6.1 6 
Ala 2.1 2 1.1 1 
Met 0 0 0 0 
Val 1.9 2 2.0 3 
lie 0.9 1 1.0 1 
Leu 2.0 2 1.1 1 
Tyr 3.8 4 4.7 5 
Phe 0 0 0 0 
His 1.0 1 1.0 1 
Lys 0 0 0 0 
Arg 2.3 2 0 0 
Trp 0 ¢ 0 1.2 ¢ 1 
Total 54.0 58 46.0 46 
a Normalized to 54 residues 
b Normalized to 46 residues 
¢ Tryptophan estimated spectrophotometrically 
d Not determined 
Dnp groups and, after washing with DMF and DCM, with 50°7o 
TFA/DCM for 30 min to deprotect the or-amino group. The 
peptide was liberated from the resin by reaction with HF 
(10 ml) in the presence of p-cresol (0.5 ml), p-thiocresol 
(0.5 ml) and dimethyl sulfide (0.2 ml) for 1 h at 0°C. The resin 
obtained after removal of HF in vacuo was washed with 
EtOAc, CHCI3 and ether containing 0.5070 b'-mercaptoethanol. 
The peptide was then extracted into 1070 B-mercaptoethanol/ 
TFA (3 x 3 ml), and the resulting solution was concentrated in 
a stream of dry nitrogen to a volume of about 2 ml. Addition 
of dry ether precipitated the product which was collected by 
centrifugation, washed with ether and dried in vacuo. A part of 
the crude product (10 mg) was dissolved in 1.2 ml of 0.5 M 
Tris-HCl, pH 8.0, containing 6 M guanidine-HC1, and nitrogen 
was bubbled through the solution for 5 rain. ~'-Mercaptoetha- 
nol (0.2 ml) was added, and the solution was kept for 24 h at 
37°C to accomplish reduction and removal of remaining Dnp 
groups, if present. The reduced material was desalted on 
Sephadex G-25 (PD-10 column) using 0.1 M acetic acid as 
Fig.2.2~2Cf-PDMS spectra of the studied peptides. (A) B-A domain from Tr CBH-I. (B) B-A domain from Sp 'Exo'. (C) Synthetic 
peptide corresponding to Tr CBH-1 462-497. 
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eluent. The peptide-containing fractions (3 ml) were added to a 
solution consisting of 40 mg reduced and 10 mg oxidized 
glutathione in 50 ml of 0.2 M Tris-acetate, pH 8.2. Oxidation 
of the peptide was allowed to proceed overnight at room 
temperature [21]. The peptide was recovered by adsorption on- 
to a small column of BondElut Cls (200 rag) which was further 
washed with 0.1% TFA and H20. The product was eluted with 
3 x 0.5 ml of a 1 : 1 mixture of acetonitrile and 0.1 M sodium 
phosphate, pH 7.0, then applied onto a column (1 x 2 cm) of 
chelating Superose ®(Cu 2+ form) [22]. Elution was performed 
with 20-100 mM sodium phosphate containing 0.1 M NaCl us- 
ing a pH gradient (pH 7.0-3.8). The fractions corresponding to 
the main peak were further purified by RP-HPLC. Mass 
analysis of the purified material showed the expected molecular 
mass (3741 + 3 Da) (fig.2C). 
2.3. Binding to cellulose 
Peptide solutions (5/~M) were incubated in 2 ml sodium 
acetate, pH 5, for 2 h at 40°C with various concentrations of
cellulose powder under continuous agitation. The cellulose 
powder was pelleted by centrifugation a d the free peptide con- 
centration was determined by fluorescence measurement. 
Fluorescence emission spectra were recorded for pure pep- 
tides and for incubation supernatants u ing 239 nm as excita- 
tion wavelength for the Tr peptide and its synthetic ounterpart 
and 280 nm for the Sp peptide. The peptide concentration in the 
supernatants was calculated by comparing the emission intensi- 
ty after background corrections to that of cellulose-free 5/zM 
solutions of each peptide. 
3. RESULTS 
3.1. Characterization 
Amino  acid composit ions of  the isolated B-A 
peptides from Tr CBH1 and Sp EXO are presented 
in table 1 together with composi t ions corre- 
sponding to the known sequences of  Tr CBH1 
[1,2] EXO [14]. Edman degradat ion o f  the Tr 
pept ide gave the result G ly -Asn-Pro -Pro -G ly -  
X -X-X  . . . . .  which correlates well with the sequence 
Gly - Asn-  Pro  - Pro  - Gly - Thr (CHO)  - Thr (CHO)  - 
Thr (CHO)  found in the region 440-  of  the CBH 1 
(glycosylated Ser and Thr usual ly give no signal in 
Edman degradat ion).  The B-A pept ide thus cor- 
responds to residues 440-497 of  CBH-1 with a net 
formula  mass o f  5800Da.  A carbohydrate  content 
o f  30-40070 [10] increases the total  molecular  mass 
to around 9000 Da. Mass analysis (f ig.2A) shows 
a small peak at about  9000 Da/e  and a larger (dou- 
ble ionizat ion) peak at about  4500 Da/e .  The 
peaks are broad,  probab ly  due to heterogeneous 
glycosylat ion. Carboxypept idase digestion of  the 
Sp B-A fragment indicated a sequence corre- 
sponding to the C-terminal  end of  the protein [14]. 
A combination: ~f. amino acid analysis, car- 
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Fig.3. Adsorption of Tr B-A domain (-" -'), Sp B-A domain 
( -  - )  and synthetic Tr A domain (z. ~.) as a function of 
the cellulose powder concentration. 
bohydrate  and mass analysis (fig.2B) revealed that 
the fragment corresponds to the last 46 (471-516) 
residues of  the protein.  The amino acid composi -  
t ion found (table 1) is in good agreement with this 
local izat ion of  the B-A peptide. 
3.2. Binding measurements 
In fig.3 the Avicel-binding propert ies of  the Tr 
B-A domain ,  synthetic 'Tr  A '  and Sp B-A domain  
are compared.  The patterns for the synthetic pep- 
t ide and proteolyt ic Tr f ragment are virtual ly iden- 
tical, with the exception of  a somewhat higher 
concentrat ion of  the synthetic peptide at high 
Avicel concentrat ion,  probably,  due to a low con- 
tent (< 5°70) of  inactive components.  The Sp frag- 
ment has a similar behavior,  a l though with 
somewhat  stronger binding. Reduct ion and S- 
carboxymethy lat ion f  the Tr B-A region el iminate 
the binding abi l i ty (not shown). 
4. D ISCUSSION 
Tr B-A peptide, Sp B-A and synthetic Tr A all 
b ind to Avicel,  whereas reduced and carbox- 
ymethylated Tr B-A pept ide has lost this abil ity. 
The A-region peptide thus appears to be responsi-  
ble for the binding, which also requires the native, 
d isu l f ide-bonded conformat ion.  This rules out the 
previously discussed possibi l i ty that the car- 
bohydrate  moiety might be important  for the 
392 
Volume 243, number 2 FEBS LETTERS January 1989 
binding.  It is also evident hat the correct disulf ides 
were spontaneously  formed in the synthesis pro-  
cedure, which in turn demonstrates that the B-A- 
region has the propert ies of  a funct ional  domain ,  
wherein the A part directly interacts with the 
cellulose and the B-region is a flexible arm pro- 
tected f rom proteolyt ic  attack by glycosylat ion 
and/or  a high prol ine content.  
The role o f  an extra binding region, f lexibly con- 
nected to the catalyt ic enzyme 'core '  is not clear, 
but compar ison between T. reesei EI I I  with and 
without  the A-B-region shows that the dif ference 
in catalyt ic eff iciency toward Avicel paral lels the 
di f ference in binding to the substrate [9]. A similar 
enhancement o f  the binding eff iciency involving 
only the catalytic site would have a negative ffect 
on the turnover number o f  the hydrolysis.  It is also 
possible that the binding o f  the A -domain  effects 
some physical d isrupt ion o f  the regular cellulose 
structure, thereby faci l i tating the hydrolyt ic  
process.  
Acknowledgements: Thiswork was supported by the Research 
Council of the Swedish Board for Technical Development and 
by the Swedish Natural Science Research Council. We thank Dr 
David Eaker for linguistic revision, Gunnar Henriksson and 
Maria Sj6berg for technical assistance, Dr Hans Bennich at the 
Department of Immunology, BMC, Uppsala, for help with 
mass pectrometry and Dr Ulf Hellman and Christer Wernstedt 
for help with automated Edman degradation. 
REFERENCES 
[1] Shoemaker, S., Schweichart, V., Ladner, M., Gelfland, 
D., Kwok, S., Myambo, K. and lnnis, M. (1983) 
Bio/Technology 1,696-700. 
[2] F/igerstam, L.G., Pettersson, L.G. and Engstr6m, J.,~. 
(1984) FEBS Lett. 167, 309-315. 
[3] Bhikhabhai, R. and Pettersson, G. (1984) FEBS Lett. 167, 
301-308. 
[4] Penttil~i, M., Lehtovaara, P., Nevalainen, H., 
Bhikhabhai, R. and Knowles, J. (1986) Gene 45,253-263. 
[5] Teed, T., Lehtovaara, P., Kauppinen, S., Salovuori, I. 
and Knowles, J. (1987) Gene 51, 43-52. 
[6l Saloheimi, M., Lehtovaara, P., Penttil/i, M., Teed, T., 
Stahlberg, J., Johansson, G., Pettersson, G., Claeyssens, 
M. and Knowles, J. (1988) Gene 63, l l-21. 
[7] Schmuck, M. and Pilz, I. 0986) Biotech. Lett. 8, 
397-402. 
[8] Abuja, P.M., Schmuck, M., Pilz, 1., Tomme, P., 
Claeyssens, M. and Esterbauer, H. 0988) Eur. Biophys. 
J. 15, 339-342. 
[9] St~thlberg, J. Johansson, G. and Pettersson, G. (1988) 
Eur. J. Biochem. 173, 179-183. 
[10] Van Tilbeurgh, H., Tomme, P., Claeyssens, M., 
Bhikhabhai, R. and Pettersson, G. (1986) FEBS Lett. 204, 
223-227. 
[ll] Tomme, P., Van Tilbeurgh, H., Pettersson, G., 
Vandekerckhove, J., Knowles, J. and Teeri, T. (1988) 
Eur. J. Biochem. 170, 575-581. 
[12] Langsford, M.L., Gilkes, N.R., Singh, B., Moser, B., 
Miller, R.C., jr, Warren, R.A.J. and Kilburn, D.G. 
(1987) FEBS Lett. 225, 163-167. 
[13] Hayashida, S.and Yoshino, E. (1978) Agric. Biol. Chem. 
42, 927-933. 
[14] Broda, P., personal communication. 
[15] Eriksson, K.-E. and Pettersson, B. (1975) Eur. J. Bio- 
chem. 51,213-218. 
[16] Hewick, R.M., Hunkapiller, M.W., Hood, L.E. and 
Dreyer, W.J. (1981) J. Biol. Chem. 256, 7990-7997. 
[17] Crestfield, A.M., Moore, S. and Stein, W.H. (1963) J. 
Biol. Chem. 238, 622-627. 
[18] H6rmann, H. and Gollwitzer, R. (1962) Ann. Chem. 655, 
178-188. 
[19] Sundqvist, B. and MacFarlane, R.D. (1985) Mass 
Spectrom. Rev. 4, 421-460. 
[20] Merrifield, R.B. (1963) J. Am. Chem. Soc. 86, 304-305. 
[21] Ahmed, A.K., Schaffer, S.W. and Wetlaufer, D.B. (1975) 
J. Biol. Chem. 250, 8477-8482. 
[22] Porath, J., Carlsson, J., Olsson, I. and Belfrage, G. 
(1975) Nature 258, 598-599. 
393 
